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Munnar is a world-famous tourist place surrounded by rolling hills & barren cliffs at the top with tea plantation at lower 
altitude, situated in the vicinity of Western Ghats in Kerala state of India. Presently, Munnar area is facing pressure of 
unplanned developmental activities to accommodate growing tourist flow. Landslide problems are also reported in the last 
couple of decades in this area; mostly mud/soil flow, rock fall and small rotational failures at places mainly due to change in 
rainfall pattern and change in the land use and land cover. An attempt has been made to study the change in the land use and 
land cover pattern of Munnar area covering roughly 542 km2 using image processing and Geographical Information System. 
Studies have been carried out with the Survey of India Toposheet of the year 1980, and Cartosat imageries of the years 
1995, 1997 2005, 2007 and 2014. Substantial change has been observed in the land use and land cover in this area from 
1980 to 2014. Results are encouraging as the forest cover has increased in the study area, though construction activities are 
still nonsystematic and unplanned. This study provides the information regarding the changing trend of land use and land 
cover of the Munnar area over 34 years and will be helpful for sustainable planning and development of the beautiful 
Munnar area, Western Ghats of India. 
[Keywords: Anthropological activity, change detection, GIS, Inter sub-basin analysis, Remote Sensing, Time series 
analysis]
Introduction 
Sustainable development is the greatest challenge 
in the present scenario, especially in a highly 
populated and developing country like India. 
According to India state of forest report
1
, India has 
less forest cover i.e. only 23.34 % of its total 
geographical area. Moreover, anthropologic activities 
are increasing day by day to accommodate the 
demand of fast-growing population in India, which 
requires more food and land space
2
. Therefore, rapid 
industrial growth, increasing tourism, unplanned 
urbanization, over exploitation of natural resources 
etc. are taking place in the hills of Munnar, Western 
Ghats region, may lead to the changes in forest cover 
and therefore, may also lead to slope instability 
problems. Change in Land Use and Land Cover 
(LULC) through the anthropological practices, 
persistent phenomenon which modifies land cover 
characteristics. A wide natural process as well as 
biological, geological, and hydrological systems and 
socio-economic activities used to get affected by the 
LULC processes
3
. It is important to understand the 
past and present rates, patterns and drivers of LULC 
to identify the impact of LULC changes. Since there 
is a lack of ample data on the rates, trend and drivers 
of LULC change, town planners and policy makers 
are facing challenges.  
Maps and measurements of land cover can be 
derived directly from the remotely sensed data  
by a variety of analytical procedures, including  
statistical methods and human interpretation
4
. Recent 
developments in the field of remote sensing make the 
technique best for identification of change detection 
in details. Monitoring an area to find out the ongoing 
changing processes is a painless task because of the 
availability of multi-temporal data sets of desired 
timeframes. The remotely sensed datasets are unique 
set of information for identifying the change in LULC 
pattern, because of its repetitive coverage at short 
intervals and consistent quality
5
. Population growth 
and land use are not always connected, especially at 
the local scale. 
Several policies are made for LULC such as human 









international aid and trade policy
10
, and agricultural 
policy
11







 and political/economic 
institutions
15
 can influence changes in LULC. 
During the international crises in 1990s, a study was 
done in the Western Ghats of India on LULC changes 
in coffee growing area
16
. In the recent time, LULC 
changes are observed in the Western Ghats of India, 
one of the hottest biodiversity hotspots in the world
17
. 
In the present study, GIS platform issued to convert the 
raster data to vector format which allowed combining 
and overlying the LULC classes produced from various 
classification processes. Visualization of changes in 
LULC was identified through GIS technology, which 
helped to get results and set the conclusion. 
The present study will contribute to understand the 
change in LULC of the study area. It will also help 
policy makers and stakeholders to formulate the 
policies for regional sustainable development and 
implementation of environmental management plan 
for optimal usage of natural resources. This study is 
also providing the input data for landslide hazard 
zonation studies of this region. 
 
Materials and Methods 
 
Location of the study area 
Study area falls in and around Munnar town, 
Kerala, India extended between latitudes of 10°2‘ to 
10°19‘ N and longitudes of 76°54‘ to 77°15‘ E 
covering roughly 542 km
2
 area including water bodies 
(Fig. 1). Area is covered within the survey of India 
Toposheet nos. C43L3, C43L4 and C43K16. 
It is observed from toposheet and satellite 
imageries that area has moderately rugged topography 
with high mountain peaks as well as deep river 
valleys. Elevations in study area vary from 309 m to 
2689 m with Munnar at an elevation of 1532 m.  
Field area is selected for the detection of changing 
trends of LULC on the basis of 1) accessibility of the 
field area, 2) different type of LULC, 3) human 
interference, 4) high rainfall area, and 5) developing 
area. Munnar has always been a center of attraction 
for tourists from all over the world due to its 
unmatched scenic beauty and pleasant climate. 
Therefore, it is expected a noticeable change in the 
LULC to accommodate the floating population over a 
time period.  
 
Methodology 
Base map is necessary for LULC studies, as the 
area of study falls in a hilly terrain. Therefore, a base 
map is required having uniform geo-morphological 
characteristics in its individual units. It is a matter of 
fact that geo-morphology is one of the major factors, 
which governs the LULC pattern in an area. In view 
of this, a slope-facet map is preferred rather than grid 
map, as slope-facet map has geo-morphological 
uniformity within the individual slope-facet, whereas 
grid map may or may not have geo-morphological 
uniformity in an individual grid. 
Spatiotemporal LULC maps were created using 
1980 toposheet and satellite imageries of the years 
1997, 2000, 2005, 2007 and 2014 using slope-facet 
map as base. Temporal satellite data was selected on 
the basis of availability of cloud free data. The 
toposheet of 1980 was classified using supervised 
classification technique. The LULC maps of other 
 
 
Fig. 1 — Location map of the study area 




years were prepared using ISODATA classification 
(unsupervised) system.  
Land use and land cover types considered for this 
study are 1) agricultural land/populated flat land, 2) 
thickly vegetated forest area, 3) moderately vegetated 
forest area, 4) sparsely vegetated forest area, 5) tea 
plantations, 6) barren land/rocky area and 7) water 
bodies. Selected area is divided into six sub-basins 
using natural boundaries to demarcate their border. 
Land use and land cover map year of 2014 is 
carried to the field for ground verification and 
modified wherever required. Water bodies include 
river, streams and reservoir or lake present in the area. 
Basin/sub-basin wise enormous data was generated in 
each LULC category for different years from LULC 
maps. This data was analyzed for the purpose of 
change detection and year wise variation in basin/ 
sub-basin.  
 
Preparation of maps 
A base map i.e. slope-facet map is prepared to 
generate LULC maps of the years 1980, 1995, 1997, 
2005, 2007 and 2014, discussed below: 
 
Base map/slope-facet map 
A slope-facet map (Fig. 2) of the study area is 
prepared and used further to prepare LULC maps. The 
general direction of a slope-facet is shown by an 
arrow. Initially the topography of the study area is 
studied carefully on the toposheet. Study area is 
divided into the 360 slope-facet using toposheet of 
year 1980. The hill slopes are divided into a number 
of small segments, called slope-facet bounded by 
ridges, spurs, gullies and streams. In the absence of 
ridges, spurs, gullies and streams, arbitrary lines are 
used as a slope-facet boundary, where a significant 
change in the attitude (direction and inclination) of 
slope is observed. Individual slope-facet may vary in 
shape and size depending upon the uniformity and 
nature of the slope. 
In general, geomorphology of an area does not 
change much, except in case of exceptional events of 
earthquake, major landslide etc. No major natural 
event was reported since 1980 in the region. 
Therefore, slope-facet map of the study area has been 
prepared using 1980 toposheet only. This map has 
been modified in field as per the requirement and field 
conditions. Study area is divided into 6 sub-basins 
namely A, B, C, D, E, and F on the basis of streams 
flow. Size of the sub-basins are given in Table 1. Sub-
basin ‗A‘ is the smallest basin (~ 50 km
2
) contributed 
9 % only, whereas sub-basin ‗C‘ is the largest basin 
(~156.47 km
2
) contributed 29 % of the total study 
area. These sub-basins A, B, C, D, E, and F include 
43, 54, 101, 45, 44 and 71 numbers of slope-facets, 
respectively and also illustrated in pi diagram in terms 
of percentage (Table 1).  
 
Land Use and Land Cover (LULC) mapping  
Change in LULC is an important study for the 
 
 
Fig. 2 — Slope-facet and basin map of the study area 
Table 1 — Distribution of area sub-basin in km2 and % wise 




1 A 50.093 9 43  
2 B 84.729 16 54 
3 C 156.47 29 101 
4 D 91.503 17 45 
5 E 53.729 10 44 
6 F 105.024 19 71 





















Munnar area. Cartosat imageries of the years 1997, 
2000, 2005, 2007 and 2014 and toposheet of 1980 are 
used in this study. Total study area is divided into six 
sub-basins and these basins are further divided into a 
total of 360 slope-facets (Fig. 2). This study has been 
carried out on individual slope-facet using toposheet 
of 1980 and a LULC map (Fig. 3) of 1980 was 
prepared. Similarly, LULC maps of 1997, 2000, 2005, 
2007 and 2014 (Fig. 3) were also created. It is 
observed that LULC of the study area in 1980 is 
different from the LULC as on today. LULC map of 
year 1980 is described below: 
Study area falls in a hilly region. Therefore, it is 
rare to have proper flat land in the area. Agriculture 
 
 
Fig. 3 — Land Use and Land Cover maps of the study area of different years 





























































































and flat land are appeared in relatively low altitude 
areas. This sub-category covered only 1.75 % i.e.  
9.75 km
2 
(Table 2) of the total area appearing in the 
western part. Besides this, agriculture/flat land is also 
found in the extreme parts of eastern area. 
Munnar is situated in world famous Western Ghats, 
declared world heritage for fauna and flora and 
covered with diversified thick forest. The presence of 
Eravikulam National Park supported the occurrence 
of thick forest in the study area. Thick forest is 
appeared mainly in the western part of the region. 
Besides this, the forest cover is also present at places 
in northern, eastern and central portion in the study 
area. Small land portion in southern region also 
exhibited such category. Overall, thick forest covered 
a larger part i.e. 23.56 % (127.56 km
2
) of the study 
area. 
Munnar area is also world famous for tea gardens 
apart from its unmatchable scenic beauty and climate 
attracts many tourists worldwide. Numbers of tea 
estates are situated in this region enhancing its 
unforgettable beauty. Tea plantation is designated by 
orange colour in the map (Fig. 3), covering maximum 
area i.e. more than one fourth of the total area (26.32 % 
or 145.86 km
2
; Table 2). Tea gardens are well 
extended in this region except in north, where high 
granitic rocky area covers the region which does not 
allow much floral growth. Tea plantation requires 
particular soil, temperature and moisture contents; 
therefore, tea plants can only be grown between the 
particular altitude ranges i.e. between 1221 m to 1660 
m in this area as shown in Figure 4. Tea plantations 
are present mainly in southern, central, western and 
north-eastern parts of the study area. 
Table 2 — Year wise distribution of Land Use and Land Cover categories in study area 
S. 
No 
Land Use and 
Land Cover 
Categories 

















land / Flat Land 
9.50 1.75 - - 0.11 0.13 0.53 0.34 - - 5.89 10.96 2.97 2.83 
2 Thickly 
Vegetated Area 
127.65 23.56 10.09 20.15 21.80 25.73 14.00 8.95 10.04 10.99 21.15 39.36 50.46 48.05 
3 Tea Garden 
Area 
142.66 26.33 - - 23.03 27.18 47.13 30.12 43.17 47.23 14.89 27.71 14.40 13.71 
4 Moderately 
Vegetated Area 
81.09 14.96 - - 4.75 5.60 47.94 30.64 12.92 14.13 5.58 10.38 9.88 9.41 
5 Sparsely 
Vegetated Area 
35.96 6.64 2.96 5.92 11.89 14.03 19.86 12.69 1.19 1.30 0.03 0.06 25.94 24.70 
6 Barren Land 130.83 24.14 36.12 72.10 21.82 25.75 19.58 12.52 21.89 23.96 5.27 9.81 1.37 1.31 
7 Water Bodies 14.18 2.62 0.92 1.83 1.34 1.58 7.43 4.75 2.18 2.39 0.92 1.71 2.97 2.83 
Total 541.88 100.0 50.09 100.0 84.73 100.0 156.47 100.0 91.40 100.0 53.73 100.0 105.02 100.0 
Pie-diagram -













Fig. 4 — Elevation range map of the study area 
Agricultural/Flat Land Tea Garden Area 
Thickly Vegetated Area Sparsely Vegetated Area 
Barren Land 
Moderately Vegetated Area 
Water Bodies 




Moderate forest cover is found in general adjacent 
to the thick forest cover providing a buffer zone. It 
exhibits mostly in southern, eastern and western part 
of the study area and was absent in the northern parts 
of the study area. This category also contributed 
significantly i.e. 15.21 % (82.443 km
2
; Table 2) to the 
forest cover of the study area. 
Sparsely vegetated category is restricted to few 
places. This forest cover is appeared in the north, 
north-east and south-eastern parts of the study area. 
Though, it is appeared in some parts of the central 
area as well. Overall, this forest cover contributed 
6.77 % i.e. 36.680 km
2
 to the study area (Table 2). 
Study area falls in a granitic terrain. High altitude 
regions of the study area were occupied by the 
granitic rocks, exhibiting steep slopes and hard rock‘s 
with hardly any soil cover in general. These areas are 
commonly barren and cover a large area of 24.14 % 
i.e. 133.34 km
2
 (Table 2) mostly in northern parts. 
Barren lands are also observed in other parts of the 
area at some places. During field investigations, it is 
confirmed that hill tops are mostly rocky and barren. 
These hill tops are represented in the map as  
barren lands. The same are indicated more or less  
in elevation range map with altitude highest range 
(Fig. 4). 
Water bodies present in the study area were mainly 
streams, rivers and reservoirs. There is a Mattapettu 
dam in the sub-basin- ‗C‘, situated in the easternmost 
region of the study area. Drainage map has been 
prepared to find out the pattern of the streams. It is 
found that 5
th
 order stream is present in the study area. 
On the basis of the stream flow, study area has been 
divided into 6 sub-basins (A, B, C, D, E, & F). Five of 
the six sub-basins A, B, C, D & F showed dendritic 
stream pattern in general. This shows that streams 
have formed V-shaped valley and flow over an 
impervious and non-porous rock or soil material, 
which also matches with the field conditions. 
Sub-basin ‗E‘ showed a sub-parallel stream pattern, 
indicating the presence of uniform slope in the basin. 
The study area is marked by the Pariyar fault, which 
is extended in the sub-basins A, B & C. This fault 
shifted the river in sub-basin ‗C‘ at right angle. 
Therefore, parts of these sub-basins A, B & C showed 
the rectangular drainage pattern controlled by the 
geological structure. Water bodies contributed about 
2.62 % i.e. 14.18 km
2
 of the total study area. In a 
similar manner, LULC maps of the study area were 
produced using satellite imageries of the years 1997, 
2000, 2005, 2007 and 2014 (Fig. 4) to understand the 
changing trends of LULC. 
 
Results and Discussion 
Land use and land cover maps of temporal data 
shows that there is distinct change in the pattern. 
Total study area covered by different categories of 
LULC is calculated year wise in terms of km
2
 and  
in percentage and also illustrated by bar diagrams 
(Table 3). Bar diagram show the contribution of all 
seven LULC categories over the years. For example, 
tea garden area contributed most i.e. ―26.3 %‖ and the 
agricultural land/flat land contributed least i.e. 
―1.75%‖ only in the study area in year 1980. 
Similarly, distribution of LULC categories in all other 
years (1997, 2000, 2005, 2007 and 2014) are also 
tabulated in Table 3 and the corresponding bar 
diagrams are also presented to understand the 
distribution of all LULC categories year wise. Results 
show that there are changes in all seven categories of 
LULC from year 1980 to 2014. 
Using the data from Table 3, another line diagram 
(Fig. 5) is plotted to show the year wise contribution 
of LULC categories. Therefore, it gives relative 
contribution of each LULC categories in the same 
year and also gives an idea about the change in 
contribution in other years. For example, in year 
1980, agricultural land/flat land contributed least 
(1.71 %), whereas tea garden contributed most (26.33 
%). Similarly, other categories contributed in between 
the contribution of these two categories.  
Agricultural land/flat land shows a decline in the 
year 1997 and further indicates more or less uniform 
contribution. Land cover of this category is reduced 
from 1.75 % to just 0.71 % in the year 2014. 
Similarly, other categories also show their trends. 
Only, thickly vegetated area and barren land have 
increased covering more area in the year 2014 than 
the year 1980. 
Distribution of seven LULC categories year wise in 
individual sub-basin is calculated with reference to 
the total area and is tabulated in Table 4. Change in 
individual categories from 1980 to 2014 is also 
calculated in individual sub basin. Same data is also 
presented graphically in Figure 6 to observe changes 
in LULC categories year wise. Distribution of all 
seven LULC categories is studied to find year wise 
changes among basins. Their distribution in 
percentage is calculated in all six basins for all six 
years (1980, 1997, 2000, 2005, 2007 and 2014). 
 





Table 3 — Distribution of LULC categories basin as well as year wise 
S. 
No. 
Year LULC Categories 









Agricultural land / Flat Land 9.50 1.75  
2 Thickly Vegetated Area 127.65 23.56 
3 Tea Garden Area 142.66 26.33 
4 Moderately Vegetated Area 81.09 14.96 
5 Sparsely Vegetated Area  35.96 6.64 
6 Barren Land 130.83 24.14 
7 Water bodies 14.18 2.62 







Agricultural land / Flat Land 4.42 0.82 
 
 
2 Thickly Vegetated Area 158.18 29.18 
3 Tea Garden Area 97.73 18.03 
4 Moderately Vegetated Area 23.99 4.43 
5 Sparsely Vegetated Area  117.06 21.60 
6 Barren Land. 127.51 23.53 
7 Water bodies 13.11 2.42 







Agricultural land / Flat Land 4.67 0.86 
 
2 Thickly Vegetated Area 178.51 32.88 
3 Tea Garden Area 96.88 17.84 
4 Moderately Vegetated Area 28.38 5.23 
5 Sparsely Vegetated Area  88.77 16.35 
6 Barren Land 132.58 24.42 
7 Water bodies 13.11 2.42 







Agricultural land / Flat Land 4.78 0.88 
 
 
2 Thickly Vegetated Area 238.35 43.98 
3 Tea Garden Area 98.98 18.27 
4 Moderately Vegetated Area 30.54 5.64 
5 Sparsely Vegetated Area  58.77 10.85 
6 Barren Land. 97.36 17.97 
7 Water bodies 13.11 2.42 







Agricultural land / Flat Land 4.57 0.84 
 
2 Thickly Vegetated Area 230.01 42.43 
3 Tea Garden Area 99.53 18.36 
4 Moderately Vegetated Area 21.73 4.01 
5 Sparsely Vegetated Area  57.15 10.54 
6 Barren Land. 116.01 21.40 
7 Water bodies 13.10 2.42 







Agricultural land / Flat Land 3.84 0.71 
 
2 Thickly Vegetated Area 196.98 36.35 
3 Tea Garden Area 102.07 18.84 
4 Moderately Vegetated Area 33.28 6.14 
5 Sparsely Vegetated Area  37.27 6.88 
6 Barren Water bodies Land. 155.33 28.66 
7 Water bodies 13.11 2.42 




  Tea Garden 
Area 
 Thickly Vegetated Area 
        Moderately Vegetated 
Area 













































































































































































































0.00 1.86 0.00 0.00 0.55 6.67 0.17 
1997 0.00 1.81 0.00 0.13 1.52 5.61 0.17 
2000 0.00 1.91 0.00 0.18 1.19 5.77 0.17 
2005 0.00 2.24 0.00 1.37 1.07 4.39 0.17 
2007 0.00 2.09 0.00 0.47 1.07 5.45 0.17 
2014 0.00 2.12 0.00 0.38 0.80 5.77 0.17 
Difference 2014 
- 1980  





0.02 4.02 4.25 0.88 2.19 4.03 0.25 
1997 0.04 3.95 2.71 0.62 3.58 4.48 0.25 
2000 0.04 4.71 2.68 0.79 2.58 4.55 0.25 
2005 0.04 5.79 0.84 2.28 2.72 3.73 0.25 
2007 0.04 5.55 2.69 0.74 2.21 4.15 0.25 
2014 0.04 5.13 2.80 0.87 1.36 5.19 0.25 
Difference 2014 
- 1980 





0.10 2.58 8.70 8.85 3.67 3.61 1.37 
1997 0.41 6.96 6.92 1.61 6.10 5.63 1.24 
2000 0.44 7.81 6.69 1.81 4.53 6.30 1.24 
2005 0.45 12.89 6.96 1.06 2.70 3.58 1.24 
2007 0.43 12.32 7.11 1.05 2.62 4.10 1.24 
2014 0.36 9.40 7.18 2.12 1.66 6.91 1.24 
Difference 2014 
- 1980 





0.00 1.85 7.97 2.38 0.22 4.04 0.40 
1997 0.10 2.08 6.28 1.48 3.64 2.98 0.34 
2000 0.10 2.25 6.32 1.74 2.66 3.45 0.34 
2005 0.10 4.26 6.41 1.03 2.07 2.65 0.34 
2007 0.10 4.21 6.41 0.95 1.88 2.99 0.34 
2014 0.10 2.48 6.63 2.01 1.08 4.23 0.34 
Difference 2014 
- 1980 





1.09 3.90 2.75 1.03 0.01 0.97 0.17 
1997 0.15 3.89 1.02 0.12 3.23 1.33 0.17 
2000 0.16 4.54 1.03 0.15 2.76 1.08 0.17 
2005 0.17 5.44 1.04 0.70 1.29 1.10 0.17 
2007 0.16 5.28 1.02 0.41 1.34 1.52 0.17 
2014 0.13 4.87 1.07 0.16 0.91 2.61 0.17 
Difference 2014 
– 1980 





0.55 9.31 2.66 1.82 0.00 4.79 0.25 
1997 0.11 10.48 1.10 0.46 3.50 3.46 0.25 
2000 0.12 11.59 1.12 0.55 2.57 3.14 0.25 
2005 0.12 13.32 1.13 0.63 1.43 2.49 0.25 
2007 0.11 12.93 1.12 0.38 1.41 3.15 0.25 
2014 0.08 12.31 1.15 0.59 1.07 3.93 0.25 
Difference 2014 
– 1980 
- 0.47 3.0 - 1.51 - 1.23 1.07 - 0.86 0.0 
Note: Negative values shows the decrease in area (in percent)  











Fig. 6 — Distribution of LULC categories over the year 
 
Agriculture land or flat land‘s contribution was 
almost negligible. There were no agriculture practices 
or flat land in the sub-basin A, as this area was steep 
and were mostly covered by rocky areas. Hardly any 
significant change is exhibit by agricultural land/flat 
land. Though, some areas were increased in sub-basin 
B, C, & D and decreased in E & F sub-basins. Thickly 
vegetated area illustrates increasing trend in all sub 
basins. But this change is significant in basin ‗C‘. Tea 
garden area was not at all present in sub-basin ‗A‘ 
during the entire period (1980 to 2014) of study. 
However, this area was decreased in rest of the five 
sub-basins (1.0 % to 2.0 %). Similar trend is exhibited 
by moderately vegetated area. It is increased in sub-
basin ‗A‘ and showed decreasing trend in all the other 
five sub-basins during the period 1980 to 2014. 
Sparsely vegetated area showed a marginal increase in 
sub-basin A, D, E & F; whereas showed negative 
trends in ‗B‘ and ‗C‘ sub-basins. Barren land category 
contributed most in the sub-basin ‗A‘. But it has 
decreased by 0.9 % from year 1980 to 2014. 
Similarly, barren land has also decreased in sub-basin 
‗F‘. However, it has increased in the rest of the sub-
basins i.e. B, C, E & F. Water bodies are also 
important LULC sub class; remained same in sub-
basins A, B, E & F, but shrunk in sub-basins C & D. 
Studies have been carried out to calculate the 
change of LULC categories in successive years of 
consideration. These changes of each categories were 
calculated (Table 5) in terms of sq. km. and in 
percentage. Changes in terms of percentage are 
plotted as bar diagram (Fig. 7) to visualize the 




changes in all categories. It is observed from the 
graph during the period 1980 – 1997 that there are 
major changes in all the categories except the minor  
change in barren land (-2.54 %) and in water bodies  
(-7.57 %). Time duration used in present study is  
34 years, much more than the other studies; could be a 
reason of these major changes. During the time 
interval 1997 – 2000 moderately vegetated areas were 
increased by 18.32 %, whereas the sparsely vegetated 
areas were decreased by 24.17 %. It indicates that 
sparsely vegetated areas have changed mainly into the 
moderately vegetated area. Similarly, during 2000 to 
2005 major enlargement is observed in thickly 
vegetated area. On the other hand, sparsely vegetated 
and barren areas were decreased substantially in  
their size. In the next time interval i.e. 2005 to  
2007, moderately vegetated areas were shrinked 
considerably (-28.83 %) and barren land areas were 
increased by 19.15 %. Moreover, there were major 
changes in Agricultural land/flat land, thickly 
vegetated area and sparsely vegetated area which 
shrinked substantially but the moderately vegetated 
areas and barren land areas were increased in a 
considerable percent. 
Change during the total period of study (1980 to 
2014) for total study area is calculated in terms of km
2
 
as well as in percentage and the same is plotted as bar 
diagram (Fig. 8). Percent change in individual LULC 
categories is also calculated with respect to the total 
study area and is tabulated in Table 6. It is clear from 
the Table 6 that each LULC categories show the 
changes in their land cover during the period of study 
i.e. from 1980 to 2014. The thickly vegetated area and 
barren land has enlarged by 69.33 km
2
 (54.31 %) and 
24.50 km
2 
(18.72 %), respectively. On the other hand, 
tea garden area and moderately vegetated area were 
shrieked to 40.60 km
2 
(28.46 %) and 47.81 km
2 
(58.96 
%), respectively. Agricultural land/flat land was 
spread over a 9.5 km
2 
area only in year 1980, but it is 
reduced to 3.84 km
2 
in year 2014 representing a loss 
of 5.66 km
2 
(59.57). The remaining LULC categories 
such as sparsely vegetated areas and water bodies 
have also shown changes in their land cover areas 
shown in Figure 8. Overall, the forest covers area, 
including three LULC categories (thickly vegetated 
area, moderately vegetated areas and sparsely 
vegetated areas) were increased by 22.83 km
2 
area 
from the year 1980 to 2014. However, the moderately 
vegetated area was reduced by 47.8 km
2
; possibly this 
Table 5 — Change in LULC categories Since 1980 to 2014 
Land use and Land 
cover classes 
1980 - 1997 1997 - 2000 2000 - 2005 2005 - 2007 2007 - 2014 
Km2 % Km2 % Km2 % Km2 % Km2 % 
Agricultural 
Land/Flat Land 
-5.080 -53.46 0.25 5.60 0.11 
2.318 
-0.21 -4.41 -0.73 -15.90 
Thickly Vegetated 
Area 
30.53 23.91 20.33 12.85 59.84 
33.52 
-8.34 -3.50 -33.03 -14.36 
Tea Garden Area -44.93 -31.49 -0.86 -0.88 2.11 2.174 0.54 0.55 2.54 2.55 
Moderately 
Vegetated Area 
-57.10 -70.42 4.39 18.32 2.16 
7.605 
-8.80 -28.83 11.54 53.10 
Sparsely Vegetated 
Area 
81.10 225.51 -28.29 -24.17 -29.99 
-33.79 
-1.62 -2.76 -19.88 -34.78 
Barren Land -3.32 -2.54 5.07 3.98 -35.22 -26.56 18.65 19.15 39.32 33.90 









Fig. 8 — Change in LULC categories in Km2 
 




area might have changed into the thick vegetated area. 
According to India state of forest report, 2017 the 
forest cover is increased by 6778 km
2 
over a last two 
years from year 2015 to 2017. Kerala state alone 
contributed to 1043 km
2
 area of the total increased 
forest cover. This information has supported the 
findings of this research work. However, the matter of 
concern is that significantly large area (24.5 km
2
) has 
turned into the barren land. Whereas, agricultural 
land/flat land and water bodies were also shrieked by 
5.66 km
2
 and 1.07 km
2
, respectively. 
The main aim of the present study was to find out 
the changes in LULC in the study area over the 
period. This will help to understand the characteristics 
of agents working behind, the trend and pattern of 
change. This information may help to forecast the 
future scenario of the LULC changes. 
 
Conclusions 
Western Ghats is a UNSCO World Heritage site 
and is one of the eight “hottest hot-spots” of 
biological diversity in the world
18
. Present study area 
is a part of the Western Ghats of India and is enriched 
with fauna and flora. Besides, fauna and flora Munnar 
is an attractive destination with the world's best and 
renowned tea estates. There are more than 50 tea 
estates in and around Munnar covering considerable 
land area. Land cover broadly depends upon the 
natural factors viz. lithology (rock/soil cover), 
geological discontinuities, their combination with 
slope and among discontinuities, sequence of litho-
units, weathering conditions, slope inclination, slope 
aspects, drainage density, rainfall, rain fall duration, 
temperature, humidity etc. These factors are also 
mutually dependent. Though, anthropological factors 
may change the land cover by planting or removing 
the vegetation cover in an area, there was no tea 
plantation till the first half of the 19
th
 century. Later, 
in late 19
th
 century, tea plantation in the area was 
started by a European planter in 1880
(ref. 19)
. Presently, 
tea plantation is covering largest area among all seven 
LULC categories in the study area.  
Study area covering roughly 542 km
2
 area was 
divided into six sub-basins and 360 slope-facets to 
carry out the study. Study has been carried out using 
toposheet of year 1980 of the study area and in the 
years 1997, 2000, 2005, 2007 & 2014, by using 
imageries. Results indicate that there is a change in all 
the seven categories from the year 1980 to 2014. 
Overall, forest cover area, is increased by 22.83 
km
2
 from year 1980 to 2014. Moderately vegetated 
area was reduced by 47.8 km
2
; possibly changed into 
the thick vegetated area. A matter of concern is that a 
large area of 24.5 km
2 
has converted into a barren 
land. Whereas, agricultural land/flat land and water 
bodies are also shrunk by 5.66 and 1.07 km
2
, 
respectively. It is an uphill task to keep our natural 
resources intact with the increasing pressure of 
population and development as the area of study is 
one of the famous and busiest tourist places. This 
requires sustainable development with purposeful 
planning and dedication. 
Study area being a part of the Western Ghats, is 
very fertile due to its geology, geography and climate 
conditions. Beside these, high weathering conditions 
are also prevailing in the area which helps to provide 
the good soil cover by disintegrating the rocks. In 
addition to these, Kerala state experiences two rainy 
seasons (southwest and northeast monsoons), the first 
starts in June till September. The second starts in  
mid-October and ends up around mid-November.  
These conditions make the study area most suitable 
for development of high vegetation growth.  
The Eravikulam National Park is situated in the study 
area. Beside this park, many other protected areas 
including new Kurinjimala Sanctuary, Chinnar 
Table 6 — Distribution of LULC categories in 1080 & 2014 years and the change 
Land use/Land cover Classes Year 1980 Year 2014 Difference in area from year 2014-1980 
  With respect to area covered by individual 
LULC categories in year 1980 
With respect to total 
area (542 km2) 
Km2 km2 % % 
Agricultural Land/Flat Land 9.50 3.84 -5.66 -59.57 1.04 
Thickly Vegetated Area 127.65 196.98 69.33 54.31 12.79 
Tea Garden Area 142.66 102.07 -40.60 -28.46 7.59 
Moderately Vegetated Area 81.09 33.28 -47.81 -58.96 8.82 
Sparsely Vegetated Area 35.96 37.28 1.31 3.65 0.24 
Barren Land 130.83 155.33 24.50 18.72 4.52 
Water Bodies 14.18 13.11 -1.07 -7.56 0.20 
 




Wildlife Sanctuary, Manjampatti Valley, Amaravati 
reserve forest of Indira Gandhi Wildlife Sanctuary, 
Anamudi Shola National Park, the Pampadum Shola 
National Park and the proposed Palani Hills National 
Park are also present in the study area. Probably 
above said reasons are responsible for the significant 
(12.79 %) increase in the thickly vegetated area over 
the 34 years with respect to total area. Depletion of 
the moderate vegetated area is basically due to 
conversion into the thickly vegetated area. Increase in 
the sparsely vegetated area is insignificant. Similarly, 
depletion in water bodies is also insignificant  
(0.20 %). This could be due to seasonal changes. Tea 
garden area is reduced by 7.59 % and is notable over 
the 34 years. Comparing two LULC maps of year 
1980 and 2014 indicates that tea gardens are either 
converted into forest areas or barren lands. It is 
noticed during field investigation that old tea bushes 
were removed to replace by the new tea plants. This 
could give impression of barren lands. In case of 
Eucalyptus trees, which are commonly used as a fuel 
for tea leaves processing are generally planted around 
or in nearby areas of tea states. Mature Eucalyptus 
trees are removed in mass and are kept for drying to 
use as fuel later. Therefore, removal or plantation of 
tea bushes and Eucalyptus trees are the temporary 
feature and can lead to error in interpretation. 
 
Recommendations 
Based on the investigation, field work and analysis, 
following recommendations are made for the 
improvement of the area.  
 
Reconstruction of road network  
Existing road network is improper and is not 
constructed scientifically. Proper construction of road 
is required with correct design, appropriate shoulders, 
signage, standard light signals and street lights. 
Moreover, foot over bridges and under passes are also 
required at places for the pedestrians. This will allow 
congestion free flow of traffic and may accommodate 
more traffic during peak hours. This will also help to 
reduce the noise as well as air pollution. Sky walk is 
another good alternative for pedestrians for safe city 
walk. This will also provide better heart fetching view 
of Munnar to pedestrians. 
 
Development of satellite town 
Construction of hotels/villa and other accommodation 
in vicinity of Munnar may be avoided by developing 
the satellite town in nearby localities. This will help to 
evade over construction in the area and thus water and 
accommodation problems may be controlled. 
 
Non-motorized vehicle 
Non-motorized vehicle such as cycle could be a 
good option for local transport and to visit the local 
places. Dedicated cycle tracks may be constructed all 
along the roads, though area falls in a hilly region. 
This may help to reduce the traffic and other 
environmental issues. 
 
Solar or battery-operated vehicle 
Solar or battery-operated vehicles are better 
alternative over regular vehicles running on fossil 
fuel. These vehicles may run at least locally and 
within the town vicinity. This will help to improve the 
environment, especially in the city and at congestion 
points. 
 
Removal of old vehicles  
Old vehicles that have completed their lifespan 
must be banned in this region to avoid any accidents, 
delays, congestion and pollution. 
 
Alternative fuel for tea processing 
There are more than 50 tea estates in and around 
Munnar, using Eucalyptus trees in tea processing 
units. These fast-growing Eucalyptus trees are 
commonly planted along the road. Eucalyptus trees 
take enormous water from the ground for their 
growth. Mature trees are being cut and used in tea 
processing units. These trees deplete the ground 
water. Moreover, when these trees are removed in 
masses, may create slope stability problems. 
Therefore, an alternative environmentally friendly 
fuel may be used in place of Eucalyptus trees. 
 
Plastic ban and recycle plant  
During the field investigation, it is found that 
people from rural areas are more conscious than urban 
areas about the cleanliness and waste management. 
Though, they have limited resources. Raw materials 
for making bags, plates etc. are available in plenty in 
this region. Therefore, paper, cloth, jute bags should 
be promoted in place of plastic bags. Use of plastic 
should be banned in this region. More advance waste 




Regular awareness program with the help of 
NGO‘s, local administration for school children about 
the DO‘s and DONT‘s, may help to make region 
more beautiful and cleaner.  
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